. Relates to Figure 1 . 4E-BP2 phosphorylation occurs in a hierarchical manner in HEK293 cells but is not detected in brain. (A) HEK293 cells were transfected with plasmids encoding the indicated 3HA-tagged 4E-BP2 variants and phosphorylated forms were resolved by subjecting cell lysates to IEF/SDS-PAGE, followed by Western blotting with anti-HA antibody. Thr37Ala or Thr46Ala variants dramatically impair 4E-BP2 hyperphosphorylation, relative to Wt or Thr70Ala, as evidenced by the reduced number of detected species. This demonstrates that the hierarchical nature of 4E-BP2 multi-site phosphorylation is analogous to that of 4E-BP1 in which Thr37 and Thr46 precede Thr70 and Ser65. (B) Western blotting failed to detect significant 4E-BP2 phosphorylation in the adult brain relative to cultured cells. Lysates of indicated tissues from 12 week-old mice or HEK293E cells were resolved by SDS-PAGE and phosphorylation of 4E-BP2 was detected with an antibody specific for Thr37/Thr46. The membrane was reprobed for 4E-BP2.
(A) Mass spectrometry analysis of purified, endogenous 4E-BP2 from brain indicates the occurrence of deamidation in the asparagine-rich sequence. Endogenous 4E-BP2 was purified from 50 mature mouse brains and analysed by tandem LC-MS/MS. The 4E-BP2 amino acid sequence and peptide coverage/analysis are shown for the slowest-migrating and unmodified 4E-BP2 species in the brain. The legend indicates putative modifications detected. (B) Alkaline treatment of MEF extracts, which promotes deamidation, induces a 4E-BP2 SDS-PAGE migration pattern identical to that in untreated brain extracts.
Figure S3. Relates to Figure 3.
Representative mass spectra depict the sites of deamidation in 4E-BP2. Purified, recombinant 4E-BP2 was alkaline-treated by incubation in 0.15M TRIS at pH 10 for 24 hours prior to separation by SDS-PAGE and mass spectrometry analysis. Prominent yions marked with asterisks denote the +1Da increases upon deamidation at Asn99 and Asn102 in the indicated species (shown in Figure 3D ). Complete y-and b-ions series are presented on the right. The association of wild type or deamidated 4E-BP2 with raptor is modulated by mTORC1 activity. HEK293E cells were co-transfected with 3HA-tagged 4E-BP2 plasmids together with one encoding Myc-raptor. The following day, cells were starved of serum (-FBS) or maintained in serum-replete medium for 24 hours (basal). Cells were then harvested or stimulated with 10% serum for 45 minutes prior to harvesting (-FBS/+FBS). 4E-BP2/raptor interactions were then assessed by immunoprecipitation with anti-Myc antibody followed by 7-15% SDS-PAGE and Western blotting. Reduction of mTORC1 activity following serum-starvation increases the interaction of both wild type or deamidated 4E-BP2 with raptor and this is reversed by serum-stimulation. Importantly, deamidated 4E-BP2 exhibits greater association with raptor, relative to wild type 4E-BP2, under all conditions. (B) Wild type and deamidated 4E-BP2 do not repress translation of a luciferase reporter lacking extensive 5'UTR secondary structure. 4E-BP1/4E-BP2 null MEFs were co-transfected with reporter mRNAs encoding firefly luciferase (lacking secondary structure in the 5'UTR) and renilla luciferase. Cells were harvested 24 hours later and luciferase assays were performed as previously reported. Data represent means +/-SEM and were not significantly different between groups (p > 0.05, Student's t-test). Figure 5 . Deamidated 4E-BP2 is present in the adult hippocampus and is induced in P3 hippocampal lysates by alkaline-treatment. Hippocampi from P3 or adult mice were homogenized at pH 7 or 10 and incubated for the indicated times. Samples were analysed by 15% SDS-PAGE and Western blotting. , input resistance (R input ) and cell capacitance. As expected of passive cable properties, regression lines indicate that each mEPSC parameter showed similar significant correlation with cell/recording parameters in every group (Wt and 4E-BP2-/-neurons; and 4E-BP2-/-neurons expressing GFP-vector-(+vec), Wt 4E-BP2-(+wt), or deamidated 4E-BP2-(+N99D/N102D)). For all groups, the slopes of regression lines were not different (p > 0.05). Note upward shift in regression lines for mEPSC amplitude in 4E-BP2-/-and 4E-BP2-/-+vec groups, and for mEPSC rise time and decay time in the 4E-BP2-/-+N99D/N102D group, indicative of significant increases in these groups. (B) Summary bar graphs for all groups, showing no difference in R series , R input , and cell capacitance and indicating unchanged cell cable properties or recording quality (N=6 cells per group, p > 0.05, one-way ANOVA). (C) Amino acid sequence alignments of 4E-BP2 (or single 4E-BP homologue) from several species.
Figure S5. Relates to

Supplemental Experimental Procedures
Antibodies and Reagents
The following antibodies were obtained from Cell Signaling Technology: 4E-BP2 (#2845), 4E-BP1 (#9452), Phospho-4E-BP1 Thr37/46 (#9459), and Phospho-Threonine-Proline (#9391). Antiserum #11211, which cross-reacts with both 4E-BP1 and 4E-BP2, was previously raised in-house (Gingras and Sonenberg, 1997) . HA antibody was purchased from Covance (MMS-101R). Myc (9E10) antibody was from Santa Cruz (#sc-40). 7-methylguanosine 5'-disphosphate (m 7 GDP) -agarose resin was prepared as previously described (Edery et al., 1988) . Adipic acid dihydrazide-Agarose, m 7 GDP, and GDP were purchased from Sigma. Lambda (λ) protein phosphatase was purchased from New England Biolabs. GelCode Blue Stain Reagent was from Pierce.
Expression Vectors
Human 4E-BP2 cDNA was subcloned into pCDNA3-3HA (Imataka et al. 1997), using EcoRI and XhoI restriction enzymes, to express a fusion protein with three N-terminal HA tags. Deamidation-site point mutations in 4E-BP2 were generated by PCR mutagenesis and ligated into pcDNA3-3HA at the same sites. Constructs expressing 4E-BP2 point mutants N96D, N99D, N102D, N99/102D contain an additional XbaI restriction site and N99A, N102A, N99/102A contain an additional MscI restriction site.
4E-BP2 Δ87-104 was generated by PCR mutagenesis and ligated as above. 4E-BP2
ΔTOS and 4E-BP2 N99D/N102D ΔTOS mutants lack the last 6 C-terminal 4E-BP2 amino acids (Gln-Phe-Glu-Met-Asp-Ile). 4E-BP2 wild type and mutant cDNAs were subcloned, using EcoRI/XhoI, into pGEX-6P-1 (Pharmacia) for recombinant GST-tagged protein production. Wild type and N99D/N102D were PCR-amplified and subcloned into pIRES2-EGFP plasmid, at XhoI/EcoRI, for neuronal expression. pcDNA3.1-5' myr dGFP3' (CamKIIα) was a gift from E.M. Schuman (Aakalu et al., 2001) and myr dGFP was subsequently replaced with myr dYFP. Construction of IRF7-Fluc luciferase reporter was previously described (Colina et al., 2008) . 
Expression and Purification of Recombinant Proteins
Far Western Blotting
Recombinant FLAG-HMK-eIF4E protein was radiolabelled using Heart Muscle Kinase (Sigma) and 10mCi/ml [γ 32 P] ATP (specific activity > 3000Ci/mmole) for 45 minutes at 4 o C in 30μl final volume of a solution containing: 20mM TRIS pH 7.5, 1mM DTT, 100mM NaCl, 12mM MgCl 2 . The eIF4E probe was then purified from incorporated radioactivity using a Nick Column Sephadex G-50 (Pharmacia). Protein was eluted in 100mM TRIS, 150mM NaCl, 2mM DTT, and radioactivity incorporation was determined by scintillation counting. Nitrocellulose membranes containing the resolved interacting proteins of interest were blocked for 5 hours at 4 o C in prehybridization solution (25mM HEPES-KOH pH 7.7, 25mM NaCl, 5mM MgCl 2 , 1mM DTT, 0.1% NP40, 5% powdered skim milk). The probe (250,000cpm/ml) was then incubated with the membrane overnight at 4 o C in FW Buffer (20mM HEPES-KOH pH 7.7, 75mM KCl, 2.5mM MgCl 2 , 0.1mM EDTA, 1mM DTT, 0.1% NP40, 1% powdered skim milk). The membrane was then washed three times with FW Buffer, briefly air-dried, and exposed to BioMAX MS Imaging Film (Kodak).
Mass Spectrometry Analysis of In Vitro Deamidated Recombinant 4E-BP2
Duplicate GelCode Blue (Coomassie G-250) -stained samples of the slowest, intermediate and fastest 4E-BP2 bands were cut into 1mm x 1mm pieces and destained by several rinses with 50mM ammonium bicarbonate pH 7.9 (over 2h), followed by shrinking with acetonitrile. Gel pieces were rehydrated with trypsin/50mM ammonium bicarbonate (10ng trypsin/µl) and digested overnight at 37°C. Peptides were recovered by acetonitrile/formic acid extraction, lyophilized, and resuspended in 0.1% formic acid, 5% acetonitrile for loading onto the autosampler. Microcapillary Magic C 18 100-Å, 5-µm silica (Michrom) columns (10cm, 75-µm inner diameter, 363-µm outer diameter;
Polymicro Technology) were placed in-line with a Proxeon Easy Nano-LC system and a ThermoFinnigan LTQ-Orbitrap hybrid mass spectrometer. Each sample was subjected to a 2 hour LC gradient (from 5% to 95% acetonitrile). The mass spectrometer was programmed for data-dependent MS/MS acquisition (one survey scan followed by four MS/MS of the most abundant ions). After sequencing the same species three times, the mass ± 1 Da was placed on an exclusion list for 3 minutes. Searches were conducted using X!Tandem, by comparing acquired data to the IPI human database, allowing for 1 missed tryptic cleavage site. The parent mass was monitored in the Orbitrap with a mass error of 100ppm, while the CID was acquired in the linear trap with a mass error of 0.4Da. Search parameters allowed for variable modifications (Met, Trp oxidation, and Gln, Asn deamidation). Spectra corresponding to the peptide VEVNNLNNLNNHDR were manually inspected for the proper assignment of the deamidated species.
Primary Neuron Culture, Transfection, and Image Analysis
Primary hippocampal neuron cultures were prepared from E16-E17 mouse embryos.
Cells were plated on coverslips coated with poly-D-lysine (30μg/ml) and laminin (2μg/ml) at a density of 125,000/well in 12-well dishes. Culture media consisted of Neurobasal medium supplemented with 1X Glutamax, 25 μM glutamate and 2% B27 supplements (Invitrogen). Ten days after plating, neurons were co-transfected with 2μg of 4E-BP2 expression plasmid and 1.5μg of CaMKIIα 5' myr dYFP 3' reporter plasmid using Lipofectamine 2000 (Invitrogen Life Technologies). Following transfection, neurons were returned to conditioned media for 2 days. Neurons were fixed in 4% PFA/4% sucrose in phosphate-buffered saline (PBS) for 15 minutes, quenched three times for 5 min in PBS/0.1 M glycine and washed in PBS. Permeabilization for immunofluorescence was with 0.3% Triton-X 100 for five minutes. Incubation with 4E-BP2 antibody (Cell Signaling Technology) was for one hour, followed by another hour with Alex Fluor 594 conjugated goat anti-rabbit secondary antibody. Images of cotransfected neurons were acquired on a Nikon VFM microscope using a 40X 0.75 numerical aperture objective, magnification of 1.0X using standard fluorescence cubes and a Photometrics CoolSnap Fx (Roper Scientific) camera. Analysis of fluorescence from z-compressed stacks was carried out with Image J (NIH).
Organotypic hippocampal slice cultures, transfections, and electrophysiology
Organotypic hippocampal slices were prepared as previously described (Lebeau et al., 2008) . Slices were used for experiments after 13 to 15 days in culture. Biolistic transfection of neurons in organotypic slice cultures was performed as previously described (Bourdeau et al., 2007) , using a Helios gene gun (Bio-Rad).
Electrophysiological recordings were performed blind to identity of transfected plasmid in CA1 pyramidal neurons 48 hours later. For electrophysiology, slice cultures were transferred to a submerged recording chamber and continuously perfused (at 1 to 2 ml/min) with artificial cerebrospinal fluid (124 mM NaCl, 2.5 mM KCl, 1.25 mM
